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AlGaN/GaN Schottky barrier diodes (SBDs) have been 
fabricated on GaN-on-Si wafers (8-inch) with Au-free 
CMOS compatible technology. Two types of Edge Ter-
minations have been investigated to suppress the leakage 
current with the conventional AlGaN/GaN Schottky Bar-
rier Diodes fabricated on the same wafer as a reference.  
The External Edge Terminated-SBD (EET-SBD) shows a 
trend of reduction in leakage current by scaling down the 
spacing between the edge termination and the Schottky 
contact. By embedding the edge terminations inside the 
anode region named Gated Edge Terminated-SBD (GET-
SBD), four orders of magnitude reduction in leakage cur-
rent has been observed experimentally compared with the 
reference. Furthermore, anode recess was performed and 
its influences on both on- and off-state characteristics 
were studied. The recessed EET-SBD shows lower leak-
age current than the non-recessed one. The forward volt-
age drop in EET-SBD appears to be degraded by recess. 
The recessed GET-SBD features the lowest leakage (1 
µA/mm at VAC of -600 V) and improved on-state per-
formance (with VF of 1.15 V). With Anode-to-Cathode 
distance (LAC) of 10 µm, a breakdown voltage over 600 
V in all three architectures has been achieved in both re-
cessed and non-recessed wafers.  
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1 Introduction AlGaN/GaN-on-Si Schottky barrier 
diodes (SBDs) are attractive for high-power switching ap-
plications owing to their superior properties including fast 
switching speed, low on-state resistance, as well as large 
breakdown field strength [1]. In order to achieve low static 
power loss of the diode in a switching circuit, low reverse 
leakage current (ILeakage) and low forward voltage drop (VF) 
are required. 
Various approaches have been proposed to suppress 
the leakage current, e.g., Schottky junction terminations [2], 
dual-metal combining with high Schottky barrier metal and 
low Schottky barrier metal in the anode [3], the use of Al-
GaN back-barrier [4], etc. Additionally, recessed anode to-
pology was reported to achieve low turn-on voltage with-
out sacrificing neither the on-state resistance nor the re-
verse blocking capability [5]. 
In this work, we have optimized, simultaneously, the 
reverse leakage current and forward voltage drop of Au-
free AlGaN/GaN SBDs on Si by investigating two types of 
edge terminations and different anode recess conditions. 
These AlGaN/GaN SBDs have been fabricated and co-
integrated together with AlGaN/GaN Metal-Insulator-
Semiconductor High Electron Mobility Transistors 
(MISHEMTs) by using Au-free CMOS-compatible tech-
nology on 8-inch GaN-on-Si wafers [6]. 
2 Device fabrication 
By using Metalorganic Chemical Vapor Deposition 
(MOCVD), AlGaN/GaN active layers were grown on 8-
inch GaN-on-Si wafers. The epitaxial structure consists of 
a 17 nm Al0.21Ga0.79N barrier, a 150 nm unintentionally 
doped (UID) GaN channel, a buffer layer (400 nm 
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Al0.74Ga0.26N/ 400 nm Al0.44Ga0.56N/1800 nm Al0.21Ga0.79N), 
and a 200 nm AlN nucleation layer on p-type Si (111) sub-
strate.  The whole epitaxial stack was encapsulated by 140 
nm rapid thermal chemical vapor deposition (RTCVD) 
Si3N4 layer. The median two-dimensional electron gas 
(2DEG) sheet resistances measured from a passivated 
TLM structure were 442.5 and 471.6 Ω/sq for non-
recessed and recessed wafers, respectively. SBDs were 
then fabricated on the wafer with nitrogen-based implanta-
tion as inter-device isolation. A Au-free Ti/Al/Ti/TiN-
based stack was used for the cathode contact formation, 
which was annealed at 550 ºC. The median contact resis-
tances were 1.8 and 1.5 Ω·mm for non-recessed and re-
cessed wafers, respectively. A stack of 20 nm TiN/20 nm 
Ti/ 250 nm Al/ 20 nm Ti/ 60 nm TiN was deposited to de-
fine the anode contact.  
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Figure 1 Cross-sectional schematics of AlGaN/GaN-on-Si SBDs 
with edge terminations: (a) External Edge Terminated-SBD 
(EET-SBD), and (b) Gated Edge Terminated-SBD (GET-SBD). 
The recessed architectures are shown to the right.   
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Figure 2 Cross-sectional schematics of conventional SBD, there 
is 1 µm overhang at the Schottky edge on top of the Si3N4 pas-
sivation layer. 
In the case that anode recess was applied, the 17 nm-
thick AlGaN barrier was recessed with 12 nm by using a 
BCl3 reactive ion etching process. Consequently 5 nm Al-
GaN barrier was left in (part of ) the anode region for both 
external edge terminated-SBD (EET-SBD) and gated edge 
terminated-SBD (GET-SBD) architectures, as shown in 
Fig. 1. An edge termination (5 nm Si3N4/10 nm Al2O3 and 
15 nm Si3N4 gate dielectric with dimension LG for non-
recessed and recessed wafer, respectively) was fabricated 
beside the Schottky contact at a distance of LSGD for EET-
SBD architecture. A compact version was also fabricated 
by embedding the edge terminations inside the anode 
trench as in the case of GET-SBD. Conventional SBDs 
were processed on the same wafer as reference with cross-
sectional schematic in Fig. 2. 
 
3 Results and discussion On-wafer DC charac-
terization was performed on all the diodes by grounding 
the Cathode and biasing the Anode from -100 V to 3 V us-
ing an Agilent 4073 Ultra Advanced Parametric Tester. All 
the tested devices have anode finger width = 100 µm and 
1-µm anode metal overlapping toward the cathode. The 
Schottky contact length (LSC) is 9 µm, 6 µm, and 5 µm for 
SBD, GET-SBD and EET-SBD, respectively. The standard 
length of the edge termination (LG) is 1.5 µm for GET-
SBD and EET-SBD. The current is normalized to the an-
ode finger width. The turn-on voltage and forward voltage 
are defined at current density of 1 mA/mm and 100  
mA/mm, respectively. 
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Figure 3 Reverse characteristics (left) of reference SBD. The in-
set graph shows the leakage current at VAC = - 100 V at different 
temperatures. Statistical plot (right) of leakage current at VAC =  
-100 V with different Schottky contact lengths (LSC). 
The reverse characteristics of reference SBD is plotted 
in Fig. 3 (left), the inset graph shows the leakage current at 
anode-to-cathode voltage (VAC) of -100 V at different tem-
peratures. It can be seen that the leakage current is as high 
as 1 mA/mm and weakly dependent on the temperature 
from 298 K to 473 K, which means that tunnelling current 
is a major component in the leakage at VAC = -100 V. Fig-
ure 3 (right) clarifies the statistical plot of leakage current 
at VAC of -100 V with different LSC, showing that the leak-
age current is a perimeter-effect rather than area-scaling ef-
fect as the current density is invariant with different LSC. 
Initial TCAD simulations were done to visualize the elec-
tric field distribution in the AlGaN barrier at VAC of -100 V 
(Fig. 4). It is observed that a peak electric field (~ 8 
MV/cm) is located at the corner of the Schottky contact 
which was assumed to contribute to the perimeter-scaling 
leakage current in the conventional SBD.  
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Figure 4 Distribution of electric field inside AlGaN barrier with 
distance of 0.5 nm to the anode contact at VAC = -100 V. 
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Figure 5 Forward characteristics (left) of reference SBD and sta-
tistical plot (right) of forward voltage with different Schottky 
contact length (LSC). 
Figure 5 (left) shows the forward characteristics of 
conventional SBD as the reference. The forward voltage of 
conventional SBD is displayed in Fig. 5 (right) with differ-
ent LSC. The results show that the forward voltage VF is 
around 1.5 V and independent of the Schottky contact 
length for the reference diode.  
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Figure 6 Reverse characteristics of reference SBD, EET-SBD, 
and GET-SBD for non-recessed wafer (left) and recessed wafer 
(right). 
The reverse characteristics of reference SBD, EET-
SBD, and GET-SBD for non-recessed and recessed wafer 
are illustrated in Fig. 6. Non-recessed EET-SBD shows 
slightly lower leakage current than SBD, while non-
recessed GET-SBD demonstrates four orders of magnitude 
reduction in leakage. Recessed EET-SBDs show two or-
ders of magnitude reduction as compared with the refer-
ence SBDs due to the additional AlGaN barrier recess at 
the edge terminations which reduces the 2 DEG density. 
The recessed GET-SBD still features the lowest leakage 
current.  
The spacing between edge termination and Schottky 
contact plays a fundamental role between EET-SBD and 
GET-SBD. GET-SBD can be thought of having LSDG = 0, 
which experimentally shows significant reduction of leak-
age current. To understand the different leakage behaviour 
between these two architectures, leakage current at VAC =  
-100 V was measured for EET-SBD with different LSDG. 
The GET-SBD and the reference SBD are also plotted in 
the same graph for comparison. As shown in Fig. 7, by 
scaling down the dimension LSDG from 4 µm to 0.25 µm, 
the leakage current in EET-SBD can be reduced by one or-
der of magnitude. However, a significant drop in leakage 
can be achieved by embedding the edge termination inside 
the anode trench as in the GET-SBD architecture. This 
trend has be observed for both non-recessed and recessed 
wafers, and recessed GET-SBD architecture does not show 
degradation of leakage current at VAC = -100 V. 
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Figure 7 Statistical box plots of reverse leakage current at VAC = 
-100 V for EET-SBD with LSDG variations in non-recessed (left) 
and recessed (right) wafer, respectively.     
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Figure 8 The peak value of electric field (left) at the corner of 
the Schottky contact with different LSDG dimensions in EET-SBD 
and electric field distribution (right) in AlGaN barrier in GET-
SBD. 
As speculated, the leakage current in off-state is related 
to the peak electric field at the corner of Schottky contact. 
A TCAD simulation shows that the value of peak electric 
field at the corner Schottky contact in non-recessed EET-
SBD slightly goes down by reducing the dimension LSDG, a 
big drop in the peak electric field is achieved with LSDG = 0 
as in the compact GET-SBD architecture. Figure 8 (right) 
shows the electric field distribution along the AlGaN bar-
rier with a distance of 0.5 nm to the anode contact in the 
GET-SBD. As compared with the result from reference 
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SBD, the peak value of electric field at the corner of the 
Schottky contact drops from 8 MV/cm to 5 MV/cm. There 
is another peak electric field observed near the Schottky 
contact in GET-SBD which comes from the redistribution 
of the electric field from the edge terminations. From 
simulations and experimental results, we can conclude that 
the leakage current is highly dependent on the peak electric 
field located at the corner of the Schottky contact, embed-
ding the edge terminations inside the anode trench enables 
a reduction of the peak electric field and suppression of the 
leakage current.  
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Figure 9 Forward characteristics of reference SBD, GET-SBD, 
and EET-SBD (LAC = 10 µm) for non-recessed (left) and recessed 
wafers (right). 
Typical forward characteristics of the non-recessed 
SBD, GET-SBD, and EET-SBD with anode-to-cathode 
distance (LAC) of 10 µm are shown in Fig. 9 (left). The 
turn-on voltage for three SBDs is around 0.6 V, and EET-
SBD shows larger on-state resistance (RON) compared with 
GET-SBD and SBD because of its higher access resistance 
due to the external edge terminations. For the recessed wa-
fer as shown in Fig. 9 (right), GET-SBD shows improve-
ments of on-state characteristics. EET-SBD has a 
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Figure 10 Typical forward (left) characteristics of non-recessed 
and anode recessed GET-SBD (LAC = 10 µm); a box plot (right) 
shows the statistical distribution of the forward voltage in non-
recessed and anode recessed GET-SBD. 
degradation of RON, this can be due to AlGaN barrier re-
cessing process done at the edge terminations. Figure 10 
displays the on-state characteristics of non-recessed and 
recessed GET-SBDs. The forward voltage of GET-SBD 
drops from 1.45 to 1.15 V by recessing the AlGaN barrier 
as shown in Fig. 10 (right). Besides, AlGaN barrier recess-
ing results in a tighter distribution of forward voltage. 
Breakdown measurements were performed for both 
non-recessed and recessed diodes including three different 
architectures with LAC = 10 µm. In the data presented in 
Fig. 11, it can be seen than all diode topologies have 
reached breakdown voltage over 600 V. The GET-SBD 
shows a leakage current as low as 1 µA/mm at VAC = -600 
V for both non-recessed and recessed structures. 
    
-1000-800 -600 -400 -200 010
-10
10-8
10-6
10-4
10-2
C
ur
re
nt
 d
en
si
ty
 [A
/m
m
]
VAC [V]
 SBD
 GET-SBD
 EET-SBD
      
-1000-800 -600 -400 -200 010
-10
10-8
10-6
10-4
10-2
C
ur
re
nt
 d
en
si
ty
 [A
/m
m
]
VAC [V]
 SBD
 GET-SBD
 EET-SBD
 
Figure 11 Breakdown measurement on non-recessed SBD, 
GET-SBD, and EET-SBD (left); breakdown measurement on 
SBD, recessed GET-SBD, and recessed EET- SBD (right).  
 
4 Conclusion Au-free, CMOS-compatible Al-
GaN/GaN Schottky barrier diodes have been processed  on 
8-inch Si wafer. Three different architectures have been 
investigated and their DC characteristics have been com-
pared. It has been demonstrated that embedding the edge 
terminations inside the anode trench (GET-SBD) has more 
effective Schottky contact shielding effect than EET-SBD, 
resulting in a significant drop of leakage current. GET-
SBD maintains leakage within 1 µA/mm at VAC = -600 V. 
The forward voltage for the GET-SBD can be improved 
from 1.45 V to 1.15 V by anode recessing. It has been 
demonstrated that on-state performance together with the 
leakage current for AlGaN/GaN diodes can be simultane-
ously optimized by recessing GET-SBD anode without 
breakdown voltage degradation. 
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